Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 

(1 1)Publication number : 2002-043618 
(43)Date of publication of application : 08.02.2002 



/ci Writ rN 




H01L 33/00 
C23C 16/34 
H01L 21/205 
H01S 5/343 




(21)Application number : 


2000-220454 


(71)Applicant 


: MATSUSHITA ELECTRIC IND CO 








LTD 


(22)Date of filing : 


21.07.2000 


(72)lnventor : 


TAKEISHI HIDEMI 








KAMEI HIDENORI 








SHINAGAWA SHUICHI 



(54) METHOD FOR MANUFACTURING NITRIDE SEMICONDUCTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing an MQW light emitting layer improved in 
light emitting efficiency by suppressing a deterioration of 
a well layer and improving crystallinity of a barrier layer, 
and to provide a method for manufacturing a light 
emitting element at a low cost by shortening a forming 
time of the MQW light emitting layer. 
SOLUTION: The method for manufacturing an MQW 
light emitting layer comprises the steps of growing parts 
of barrier layers 6, 8 and 10 while raising the 
temperature of the layers 6, 8 and 10 after the well 
layers 5, 7 and 9 are grown, and again repeating 
temperature raising and lowering steps after the parts of 
the layers 6, 8 and 10 are grown at a constant 
temperature. Thus, the MQW having excellent crystallinity and high light emitting efficiency 
can be formed. Further, the method for manufacturing the light emitting element comprises 
the steps of growing parts of the barrier layers 6, 8 and 10 while raising the temperatures of 
the layers 6, 8 and 10 after the well layers 6, 8 and 10 are grown, further accelerating the 
growth rate in the case of growing the parts of the layers 6, 8 and 10 at a constant 
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- temperature. Thus, a forming time of the MQW light emitting layer can be shortened, and a 
manufacturing cost of the emitting element can be reduced. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the nitride 
semi-conductor used for optical devices, such as a light emitting diode and a 
semiconductor laser diode. 
[0002] 

[Description of the Prior Art] The nitride semi-conductor expressed with AlGalnN which 
contains N etc. as a 5 group element including aluminum, Ga, In, etc. as an III group 
element is used abundantly as a semiconductor material the luminescence device of the 
light, and for elevated-temperature actuation electron devices, and utilization is 
progressing in the field of blue, green light emitting diode, and the laser diode of a 
purple-blue color. 

[0003] manufacture of the light emitting device using this nitride semi-conductor - 
setting - organic metal vapor growth (MOCVD) - it is in use in these days to grow up a 
nitride semi-conductor thin film crystal by law. This approach is organometallic 
compound gas 0 as material gas of an III group element within [ in which the substrate 
which consists of sapphire, SiC, GaN, etc. was installed ] a reaction. [ trimethylgallium ] 
(It is hereafter called "TMG" for short.) Trimethylaluminum (it is hereafter called "TMA" 
for short.) Trimethylindium (it is hereafter called M TMT for short.) etc. - ammonia, a 
hydrazine, etc. are supplied as material gas of V group element, substrate temperature is 
held at an about 700 degrees C - 1 100 degrees C elevated temperature, n type layer, a 
luminous layer, and p type layer are grown up on a substrate, and laminating formation of 
these is carried out At the time of growth of n type layer, it considers as n mold impurity 
material gas, and magnesium cyclopentadienyl (Cp2Mg), dimethyl zinc (Zn2 (CH3)), etc. 
grow up a mono silane (SiH4), germane (GeH4), etc. into the material gas and 
coincidence of an III group element with a sink as p mold impurity material gas at the 
time of growth of p type layer. 

[0004] And a light emitting device can be obtained by forming n lateral electrode and p 
lateral electrode in each of the front face of n type layer, and the front face of p type layer 
after this growth formation, and dissociating in the shape of a chip. 
[0005] Although the double hetero structure which put this by the large cladding layer of 
bandgap energy from the luminous layer, and the quantum well structure formed by film 
from which a quantum size effect produces a luminous layer further are generally used 
using InGaN which adjusted the presentation of In so that it may become desired 



luminescence wavelength, the quantum well structure of a luminous layer where 
luminous efficiency is high is more in use recently. 

[0006] This quantum well structure is formed by putting the small layer of the bandgap 
energy called a well layer in a layer with larger bandgap energy than a well layer. 
[0007] Moreover, the multiplex quantum well (MQW) with luminous efficiency higher 
than the single quantum well the number of well layers is [ quantum well ] one It is 
formed by carrying out the laminating of the well layer which consists of InxGal-xN (0< 
x<l), and the barrier layer which consists of InyAlzGal-y-zN (0<=y<l, 0<=z<l, 0 
<=y+z<l, x>y) by turns, and is divided roughly into the following three kinds as the 
production approach of the conventional MQW. 

[0008] The first Prior art is indicated by JP,10-12922,A. This is a nitride semi-conductor 
light emitting device which consists of MQW which carried out the laminating of the 
well layer which consists of a barrier layer which consists of AlGaN, and InGaN by 
turns, after it carries out the laminating of the buffer layer which consists of A1N on 
silicon on sapphire, and the GaN layer which doped Si one by one using an MOCVD 
system, carries out the laminating of the luminous layer which consists of MQW, and 
carries out the laminating of the cladding layer and contact layer which doped Mg on it 
one by one. 

[0009] About the growth approach of MQW in this light emitting device Substrate 
temperature is first held at 1 100 degrees C. N2 or H2, ammonia, TMG, A barrier layer 
with a thickness of 50A which introduces TMA and consists of aluminum0.05Ga0.95N is 
formed. Then, substrate temperature is lowered to 800 degrees C, and is held, N2 or H2, 
ammonia, and TMG and TMI are supplied, and a well layer with a thickness of 50A it is 
thin from InO.20GaO.80N by which silicon and zinc were doped is formed. And said 
barrier layer and said well layer are grown up by turns, and the luminous layer which the 
whole thickness becomes from MQW which is 0.055 micrometers is formed. At this 
time, the barrier layer is made the same as the growth rate of a well layer. 
[0010] With this structure, since MQW which becomes a luminous layer from the 
strained layer superlattice of a well layer and a barrier layer is used, little good crystal of 
a rearrangement can be obtained and it is shown that the luminous efficiency of a nitride 
semi-conductor light emitting device improves. 

[001 1] The second Prior art is indicated by JP,10-135514,A. In the growth approach of 
MQW of said light emitting device, this holds substrate temperature at 900 degrees C, 
and forms the barrier layer which introduces N2, TMG, and ammonia and consists of 
GaN with a thickness of 3 .5nm. Next, the well layer which holds substrate temperature at 
750 degrees C, introduces TMI other than N2, TMG, and ammonia, and consists of 
InO.16GaO.84N with a thickness of 3.5nm is formed. And said barrier layer and said well 
layer are grown up by turns, and five-layer a barrier layer and a well layer are formed. 
Furthermore, substrate temperature is held at 900 degrees C, and the best barrier layer 
which consists of 14nm GaN is formed on the 5th step of quantum well layer. At this 
time, the barrier layer is made the same as the growth rate of a well layer. 
[0012] With this structure, it is shown by by making into a barrier layer the layer of the 
side which touches the GaN layer of Si dope, and the cladding layer of Mg dope, and 
making thickness of each barrier layer into homogeneity that the wavelength shift of the 
light which emits light can be prevented. The third Prior art is indicated by JP,1 1- 
224972, A. In the growth approach of MQW of said light emitting device, this holds 



substrate temperature at 750 degrees C, and forms the well layer which consists of 
InO.2GaO.8N by 25A thickness. Next, the barrier layer which consists of InO.01GaO.95N 
at the substrate temperature same only by changing the mole ratio of TMI is formed by 
50A thickness. This actuation is repeated 13 times, finally a well layer is formed, and the 
barrier layer which consists of multiplex quantum well structure where the total thickness 
is 0. 1 micrometers is formed. At this time, the barrier layer is made the same as the 
growth rate of a well layer. 

[0013] In this example, when a barrier layer is formed as InGaN with a larger band gap 
than a well layer and the barrier layer which consists of InGaN is formed on a well layer, 
since it is hard coming to generate a crack in the cladding layer above MQW since the 
crystal is soft as compared with GaN or an AlGaN crystal, and the barrier layer which 
consists of InGaN can thicken said cladding layer, it is shown that it is effective in quality 
improvement of the semiconductor laser which especially consists of a nitride semi- 
conductor. 

[0014] Moreover, since a barrier layer can also grow at the temperature with same well 
layer and barrier layer in InGaN, crystalline good MQW can be formed since 
decomposition of the well layer formed previously is controlled and a well layer and a 
barrier layer can be grown up continuously, it is shown that the growth time amount of 
MQW can also be shortened. 
[0015] 

[Problem(s) to be Solved by the Invention] However, there are the following troubles in 
the above formation approaches of MQW. 

[0016] First, since a well layer decomposes in the process which carries out a temperature 
up to the substrate temperature (1 100 degrees C) into which the barrier layer which 
consists of AlGaN is grown up, it is [ after growing up the well layer which consists of 
InGaN in the first Prior art ] difficult [ it ] to grow up the crystalline outstanding well 
layer. 

[0017] Next, since decomposition of a well layer occurs at least in the process which 
carries out a temperature up to the substrate temperature (900 degrees C) into which the 
barrier layer which consists of GaN is grown up, it is [ after growing up the well layer 
which consists of InGaN also in the second Prior art ] difficult [ it ] to grow up the 
crystalline outstanding well layer. 

[0018] Since the substrate temperature into which a well layer and a barrier layer are 
grown up in the third Prior art on the other hand is the same, there is little decomposition 
of a well layer. However, in MQW, in order for a barrier layer to function enough, it is 
necessary to make a barrier layer sufficiently low In presentation as compared with a well 
layer. It is difficult for In presentation of a barrier layer to be 0.01 and to control such a 
low In presentation by this example. 

[0019] Moreover, InGaN of said barrier layer is a crystal near GaN substantially. From 
this, in order to make the barrier layer which is a crystal near GaN grow at the same 
substrate temperature (750 degrees C) as a well layer, the crystallinity of a barrier layer 
worsens as compared with the case where it grows up near 1 100 degree C of Prior art 1. 
[0020] Thus, by the manufacture approach of the conventional MQW, when the substrate 
temperature into which a barrier layer is grown up a sake [ on the crystal disposition of a 
barrier layer ] was raised rather than the substrate temperature into which a well layer is 
grown up, the well layer deteriorated, and when the barrier layer and the well layer were 



grown up at the same substrate temperature, the crystallinity of a barrier layer became 
inadequate, and there was a problem that the quality of MQW deteriorated. 
[0021] Moreover, in order to produce quality MQW, it is necessary to form a barrier 
layer thickly as compared with a well layer. When the periodicity of the case where a 
barrier layer is thickened, or MQW was increased, growth time amount became long and 
the manufacturing cost of MQW became high, by the approach of growing up a barrier 
layer and a well layer with the same growth rate, there was a problem that the 
crystallinity of MQW fell, so that it might be common in said three Prior arts. 
[0022] The technical problem which should be solved in this invention is controlling 
degradation of a well layer and raising the crystallinity of a barrier layer, and is offering 
the manufacture approach of the light emitting device which is offering the manufacture 
approach of MQW whose luminous efficiency's improved from the nitride semi- 
conductor which reduced the manufacturing cost by shortening of the formation time 
amount of MQW. 
[0023] 

[Means for Solving the Problem] this invention persons considered wholeheartedly the 
manufacture approach (especially substrate temperature, a growth rate, the hydrogen 
concentration of an ambient atmosphere, and a V/III ratio) of MQW. Consequently, after 
growing up the Ido ** at the substrate temperature suitable for growth of a well layer It is 
a part of barrier layer (it is hereafter called "a barrier layer A M for short ), carrying out the 
temperature up of the substrate. It grows up and is a part of barrier layer (it is hereafter 
called "a barrier layer B M for short.) at the substrate temperature of abbreviation regularity 
after a temperature up further. After growing up, by lowering substrate temperature to the 
temperature into which a well layer is grown up, and repeating the process of growing up 
a well layer, it excelled in crystallinity and found out that a MQW luminous layer with 
high luminous efficiency could be formed. 

[0024] Next, when growing up a barrier layer B, it found out that the crystallinity of a 
barrier layer B was improvable making hydrogen concentration of an ambient 
atmosphere higher than the case where a barrier layer A is grown up, and by making a 
V/III ratio into a twist, when growing up a barrier layer A. 

[0025] Moreover, the thing made to grow up with a growth rate quicker than a well layer 
and a barrier layer A in case a barrier layer B is grown up, Also in case the temperature 
was lowered to the substrate temperature into which a well layer is grown up after 
growing up a barrier layer B, when a barrier layer was thick, or even when there was 
much periodicity of MQW, the formation time amount of MQW found out that it could 
be shortened further by adding the process into which a part of barrier layer is grown up 
at least. 

[0026] According to such a configuration, while decomposition of a well layer can be 
controlled at the time of formation of MQW, the crystallinity of a barrier layer can be 
raised and it becomes possible to produce a MQW luminous layer with high luminous 
efficiency. Moreover, since the formation time amount of a MQW luminous layer can be 
shortened, it becomes possible to reduce the manufacturing cost of the light emitting 
device which consists of a nitride semi-conductor. 
[0027] 

[Embodiment of the Invention] The well layer to which invention according to claim 1 
consists of a nitride semi-conductor on a substrate, The barrier layer which bandgap 



energy becomes from a large nitride semi-conductor rather than said well layer, The 1st 
process into which it is the approach of manufacturing the nitride semi-conductor which 
has the multiplex quantum well structure which carried out the laminating by turns, and 
said well layer is grown up at the 1st substrate temperature, The 2nd process into which 
said barrier layer is grown up while carrying out a temperature up toward the 2nd 
substrate temperature higher than said 1st substrate temperature from said 1st substrate 
temperature, It is the manufacture approach of the nitride semi-conductor characterized 
by forming a multiplex quantum well by repeating in order the 3rd process lowered from 
said 2nd substrate temperature to said 1st substrate temperature. 
[0028] From immediately after growth of a well layer, since this approach grows up a 
barrier layer, carrying out a temperature up, while it can control decomposition of the 
well layer which consists of InGaN at the time of a temperature up, it has an operation 
that the crystallinity of a barrier layer can be raised. 

[0029] After invention according to claim 2 grew up said barrier layer according to said 
2nd process, It is the manufacture approach of the nitride semi-conductor according to 
claim 1 characterized by establishing the 4th process into which said barrier layer is 
further grown up at the substrate temperature which maintained said 2nd substrate 
temperature at abbreviation regularity before said 3rd process. In the condition of having 
held at substrate temperature higher than the substrate temperature into which a well 
layer is grown up, since a part of barrier layer is grown up, it has an operation that the 
crystallinity of a barrier layer can be raised further. 

[0030] The growth rate in a part of growth [ at least ] of said barrier layer in said 4th 
process invention according to claim 3 It is the manufacture approach of the nitride semi- 
conductor according to claim 2 characterized by being larger than the growth rate of said 
barrier layer in said 2nd process. Since MQW with much a thick barrier layer and 
periodicity can be grown up relatively in a short time and the total growth time amount of 
MQW can be shortened rather than a well layer, it has an operation that the 
manufacturing cost of the nitride semi-conductor which consists of MQW can be 
reduced. 

[003 1] The hydrogen concentration in an ambient atmosphere [ / at a part of time / at 
least / of growth of said barrier layer in said 4th process ] invention according to claim 4 
By being the manufacture approach of the nitride semi-conductor according to claim 2 
characterized by being larger than the hydrogen concentration in the ambient atmosphere 
at the time of growth of said barrier layer in said 2nd process, and raising hydrogen 
concentration at said 4th process The migration of the atom on the front face of a 
substrate is promoted, and it has an operation that the crystallinity of a barrier layer can 
be raised further. 

[0032] The ratio (it is called a V/III ratio below) of the amount of V group feeding to the 
amount [ / at a part of time / at least / of growth of said barrier layer in said 4th process ] 
of III group feeding invention according to claim 5 It is the manufacture approach of the 
nitride semi-conductor according to claim 2 characterized by being smaller than the V/III 
ratio at the time of growth of said barrier layer in said 2nd process. In case a barrier layer 
B is grown up, it has an operation that the amount of supply of ammonia can be reduced 
sharply, without worsening the crystallinity of a barrier layer B, and the manufacturing 
cost of the nitride semi-conductor which consists of MQW can be reduced. 
[0033] Said well layer invention according to claim 6 InxGal-xN It is (0< x<l [ however, 



]). Said barrier layer InyAlzGal-y-zN It is the manufacture approach of a nitride semi- 
conductor given in either to claims 1-5 characterized by being however, (0<=y<l, 
0<=z<l, 0 <=y+z<l, x>y). MQW can be improved in quality by limiting the nitride 
semiconductor material which constitutes a well layer and a barrier layer to the above- 
mentioned ingredient, and it has an operation that the nitride semi-conductor which 
consists of MQW which was excellent in the optical property is producible. 
[0034] Invention according to claim 7 is the manufacture approach of the nitride semi- 
conductor according to claim 6 characterized by said barrier layer being GaN, can raise 
the crystallinity of a barrier layer further and has an operation that the nitride semi- 
conductor which consists of MQW which was excellent in the optical property is 
producible. 

[0035] Said 1st substrate temperature of invention according to claim 8 is 500 degrees C - 
900 degrees C. It is the manufacture approach of a nitride semi-conductor given in either 
to claims 1-7 characterized by said 2nd substrate temperature being 800 degrees C - 1200 
degrees C. By limiting said 1st substrate temperature and said 2nd substrate temperature 
to the above-mentioned range, it has an operation that the crystalline outstanding well 
layer and the crystalline outstanding barrier layer are producible. 
[0036] Invention according to claim 9 is the manufacture approach of a nitride semi- 
conductor given in either to claims 6-8 to which the amount of Ga feeding at the time of 
growth initiation of said barrier layer is characterized by being fewer than the amount of 
Ga feeding at the time of growth of said well layer, and while it can control degradation 
of a well layer, it has an operation that the crystallinity of a barrier layer can be raised. 
[0037] Invention according to claim 10 is set at said a part of 2nd process [ at least ] in 
said 3rd process. By being the manufacture approach of a nitride semi-conductor given in 
either to claims 1-9 characterized by growing up said barrier layer, and growing up a part 
of barrier layer also at the time of a temperature fall Even when making [ many ] 
periodicity of the case where especially a barrier layer is thickened, or MQW, the 
formation time amount of MQW can be shortened, and it has the operation which reduces 
the manufacturing cost of the nitride semi-conductor which consists of MQW that things 
can be carried out. 

[0038] As for invention according to claim 11, said substrate contains sapphire or SiC. 
The buffer layer containing a nitride semi-conductor is formed on said substrate at low- 
temperature substrate temperature from said 1st substrate temperature. It is the 
manufacture approach of a nitride semi-conductor given in either to claims 1-10 
characterized by forming the substrate layer containing a nitride semi-conductor on said 
buffer layer, and forming said multiplex quantum well on said substrate layer. A substrate 
layer with high crystallinity is producible, and since MQW grown up on it can be 
improved in quality, it has an operation that the luminous efficiency of a nitride semi- 
conductor light emitting device with the luminous layer which consists of MQW can be 
raised. 

[0039] As for invention according to claim 12, said substrate forms the substrate layer 
which contains a nitride semi-conductor on said substrate including a nitride semi- 
conductor. It is the manufacture approach of a nitride semi-conductor given in either to 
claims 1-10 characterized by forming said multiplex quantum well on said substrate 
layer. A substrate layer with still higher crystallinity is producible, and since MQW 
grown up on it can be improved in quality, it has an operation that the luminous 



efficiency of a nitride semi-conductor light emitting device with the luminous layer 
which consists of MQW can be raised. 

[0040] Invention according to claim 13 can produce the substrate layer which has still 
higher crystallinity since it is the manufacture approach of the nitride semi-conductor 
according to claim 12 characterized by said substrate being GaN and a substrate and said 
substrate layer are the same ingredients, and since it can improve in quality MQW grown 
up on it, it has an operation that the luminous efficiency of a nitride semi-conductor light 
emitting device with the luminous layer which consists of MQW can be raised. 
[0041] Below, the example of the gestalt of operation of this invention is explained, 
referring to a drawing. 

[0042] The sectional view showing the layer structure of the nitride semi-conductor light 
emitting device which becomes drawing 1 from MQW concerning the gestalt of 1 
operation of this invention is shown. 

[0043] The laminating of the buffer layer 2 which consists of GaN on the substrate 1 with 
which this light emitting device consists of sapphire, 1st n mold cladding layer 3 which 
consists of GaN, 2nd n mold cladding layer 4 which consists of AlGaN, the MQW layer 
(5-10) into which the barrier layer 6 which consists of a well layer 5 which consists of 
InGaN, and GaN was grown up by turns, and the p mold cladding layer 1 1 which consists 
of AlGaN is carried out to order. Moreover, the translucency electrode 12 and the p 
lateral electrode 13 are formed in the front face of p mold cladding layer 1 1 in order, and 
the n lateral electrode 14 is formed in the front face of 1st n mold cladding layer 3. 
[0044] MQW in this light emitting device - MOCVD - it is produced by the following 
approaches using law. 

[0045] First, the substrate 1 which consists of sapphire washed enough is inserted in 
within a reaction, a substrate 1 is heated for nitrogen and hydrogen for 10 minutes at 
about 1050 degrees C with a sink within a reaction, and the front face of a substrate 1 is 
cleaned to it. 

[0046] Next, the temperature of a substrate 1 is dropped to 550 degrees C, nitrogen, 
TMG, and ammonia are poured, respectively, and the GaN buffer layer 2 is formed on a 
substrate 1 . After forming a buffer layer 2, the temperature up of the temperature of a 
substrate 1 is carried out to 1050 degrees C with a sink, nitrogen and ammonia are set for 
each under this temperature, nitrogen, hydrogen, TMG, ammonia, and SiH4 are passed, 
respectively, and the 1st n mold GaN cladding layer 3 is formed. After forming the 1st n 
mold GaN cladding layer 3, succeedingly, in 1050 degrees C, nitrogen, hydrogen, TMG 
and TMA, and ammonia are poured, respectively, and the 2nd n mold AlGaN cladding 
layer 4 is formed. 

[0047] Next, each supply of hydrogen, and TMG and TMA is stopped, the temperature of 
a substrate 1 is lowered to 750 degrees C, nitrogen, TMG and TMI, and ammonia are 
poured, respectively, and the well layer 5 which consists of InGaN is formed. 
[0048] Then, only supply of TMI is stopped, a barrier layer A is formed succeedingly, 
carrying out the temperature up of the substrate temperature from 750 degrees C to 1050 
degrees C, a barrier layer B is formed for nitrogen, hydrogen, TMG, and ammonia with a 
sink in 1050 more degrees C, respectively, a barrier layer A and a barrier layer B are 
doubled, and it considers as a barrier layer 6. Next, the temperature of a stop and a 
substrate 1 is lowered for supply of hydrogen and TMG to 750 degrees C. The rest 
repeats the same procedure as the well layer 5 and a barrier layer 6, carries out the 



laminating of the well layer 7, a barrier layer 8, the well layer 9, and the barrier layer 10 
one by one, and forms MQW. According to this approach, while decomposition of a well 
layer can be controlled, the crystallinity of a barrier layer can be raised. 
[0049] As for the growth rate of a barrier layer B, according to this invention persons' 
knowledge, it is desirable to make it larger than the growth rate of a barrier layer A. 
Specifically, it is desirable that the growth rate of a barrier layer B is 0. 1 micrometer/h - 
10 micrometer/h to the growth rate of a barrier layer A being 0.01 micrometer/h - 0.5 
micrometer/h. If the growth rate of a barrier layer B is smaller than h in 0.1 micrometers /, 
formation of MQW will take time amount too much, and if larger than 10 micrometer/h, 
the crystallinity of a barrier layer B will get worse. Since the growth rate in an elevated 
temperature (outline constant temperature) becomes large by forming the thickness of a 
barrier layer thickly as compared with a well layer, and considering as a growth rate 
higher than a barrier layer A especially at the time of growth of a barrier layer B When 
thickening a barrier layer at the same time the crystallinity of a barrier layer improves, or 
when increasing the periodicity of MQW, growth time amount can be shortened 
conventionally and the manufacturing cost of the nitride semi-conductor which consists 
of MQW can be reduced. 

[0050] Next, as for the hydrogen concentration of the ambient atmosphere at the time of 
growth of a barrier layer B, it is desirable to make it higher than the hydrogen 
concentration of the ambient atmosphere at the time of growth of a barrier layer A. 
Specifically, 5% - 70% of the hydrogen concentration of the ambient atmosphere at the 
time of growth of a barrier layer B is desirable to the hydrogen concentration of the 
ambient atmosphere at the time of growth of a barrier layer A being 0% - 5%. Here, 
hydrogen concentration is the capacity factor of hydrogen gas. When the hydrogen 
concentration of the ambient atmosphere at the time of growth of a barrier layer B is 
lower than 5%, the crystallinity of a barrier layer B gets worse and homogeneity, such as 
thickness in a substrate side, gets worse at 70% or more. 

[005 1] In a barrier layer A, since it becomes important to control decomposition of a well 
layer, decomposition of a well layer is suppressed for the one where the hydrogen 
concentration of the ambient atmosphere at the time of growth of a barrier layer is lower. 
On the other hand, since it becomes important to raise the crystallinity of a barrier layer, 
by raising the hydrogen concentration of the ambient atmosphere at the time of growth 
from a barrier layer A at an elevated temperature (1050 degrees C), a barrier layer B can 
promote the migration on the front face of growth, and can raise the crystallinity of a 
barrier layer. 

[0052] Next, as for the V/III ratio at the time of growth of a barrier layer B, it is desirable 
to make it smaller than the V/in ratio at the time of growth of a barrier layer A. As for 
the V/III ratio of a barrier layer B, specifically, 5x102 to 1x104 is desirable to the V/ni 
ratio of a barrier layer A being 1x104 to 2x105. When the V/III ratio of a barrier layer B 
is smaller than 5x 1 02, if it becomes easy to generate a pit etc. with the lack of a nitrogen 
partial pressure on the front face of growth at the time of growth of a barrier layer B and 
becomes 1x104 or more, when the polarity on the front face of growth serves as a 
nitrogen side, surface MOFOROGI of a barrier layer B will come to get worse. 
[0053] Next, it is desirable to set the well layer of MQW to InxGal-xN (0<x<y), and for 
a barrier layer to set it as InyAlzGal-y-zN (0<=y<l, 0<=z<l, 0 <=y+z<l, x>y). Since the 
crystallinity of a barrier layer can also be raised while degradation of a well layer is 



controlled by using the ingredient of a barrier layer as a nitride semi-conductor (0<=y<l, 
0<=z<l, 0 <=y+z<l, x>y), i.e., InyAlzGal-y-zN, since a part of barrier layer is grown up 
carrying out a temperature up immediately after growth of a well layer, the nitride semi- 
conductor which consists of MQW which was excellent in the luminescence property is 
producible. 

[0054] Moreover, GaN, then the crystallinity of a barrier layer can be further raised for a 
barrier layer. 

[0055] Next, about substrate temperature, a well layer has the desirable range of 500 
degrees C - 900 degrees C. In a well layer, since decomposition occurs at the time of 
growth, if higher than 900 degrees C, decomposition of InGaN will be promoted, and if a 
well layer will hardly grow and is lower than 500 degrees C, the crystallinity of a well 
layer will worsen. On the other hand, the substrate temperature after a temperature up has 
800 degrees C - desirable 1200 degrees C. Although the crystallinity of a barrier layer 
improves, if the one where substrate temperature is higher is higher than 1200 degrees C, 
the surface dry area of a wafer occurs, the load to the source of substrate heating of an 
MOCVD system also becomes large, and it is not desirable. Moreover, if substrate 
temperature is lower than 800 degrees C, a barrier layer with sufficient crystallinity 
cannot be grown up. 

[0056] Next, as for the amount of Ga feeding at the time of growth initiation of a barrier 
layer A at least, it is desirable to make it fewer than the amount of Ga feeding of a well 
layer. Specifically, the TMG amount of supply at the time of growth initiation of a barrier 
layer A has the amount of desirable -4micromol/by 0.4micromol/to the TMG amount of 
supply at the time of well layer growth being a part for -lOmicromolfty 2micromol/. If 
the TMG amount of supply at the time of growth initiation of a barrier layer A is smaller 
than a part for 0.4micromol/, in case a barrier layer A will be grown up, it becomes 
difficult to control decomposition of a well layer, and if larger than a part for 4micromol/, 
the crystallinity of a barrier layer A will get worse. Although decomposition of a well 
layer becomes that it is easy to be controlled, since a barrier layer is made to grow with a 
comparatively quick growth rate at low temperature when this increases the TMG amount 
of supply of a barrier layer A, it is for the crystallinity of a barrier layer to get worse 
more. 

[0057] Moreover, in case a barrier layer A is grown up carrying out the temperature up of 
the substrate temperature, the growth rate of a barrier layer A can also be gradually sped 
up with the rise of substrate temperature. In this case, the amount of Ga feeding is a part 
for -4micromo^y 0.4micromol/, and can be considered as a part for -lOOmicromol/by 
20micromol/just before growth termination of a barrier layer A the growth initiation early 
stages of a barrier layer A. 

[0058] Next, also in case substrate temperature is lowered to the temperature into which a 
well layer is grown up after growing up a barrier layer at substrate temperature higher 
than the substrate temperature into which a well layer is grown up, it is desirable to grow 
up a part of barrier layer at least in respect of growth time amount compaction. At the 
time of said temperature fall, since the effect (crystalline degradation) on a well layer 
decreases as compared with the time of the temperature up after well layer growth, there 
is an advantage that a growth rate is made early, as compared with the time of said 
temperature up. In addition, since it is clear, it can also already make a growth rate late 
gradually for the growth rate at the time of temperature fall initiation that the elevated 



temperature of the crystallinity of a barrier layer is better with the fall of a comb and 
temperature. Thereby, the growth time amount of MQW is shortened, the manufacturing 
cost of the nitride semi-conductor which consists of a MQW luminous layer is reduced, 
and the thing of it can be carried out 

[0059] Next, since the quality of a substrate of MQW which the substrate layer which has 
high crystallinity by carrying out the laminating of the buffer layer on it, and growing up 
the substrate layer which consists of a nitride semi-conductor farther using sapphire or 
SiC can be grown up, and is grown up on it improves, it can raise the luminous efficiency 
of the nitride semi-conductor which consists of MQW. 

[0060] Furthermore, a substrate can be used as a nitride semi-conductor substrate. 
Thereby, the lattice constant difference and coefficient-of-thermal-expansion difference 
of a substrate and a substrate layer can be reduced conventionally, and the crystallinity of 
the substrate layer which consists of a nitride semi-conductor can be raised further. Since 
the quality of MQW grown up on said substrate layer improves further by this, the 
luminous efficiency of the nitride semi-conductor which consists of MQW can be raised. 
[0061] Moreover, generally GaN is used, a substrate and a substrate layer serve as the 
same ingredient by setting a substrate to GaN, and since the substrate layer of MQW can 
grow the substrate layer which was further excellent in crystallinity, it can raise further 
the quality of MQW which carries out a laminating on it, and can raise the luminous 
efficiency of the nitride semi-conductor which consists of MQW. 
[0062] The GaN laminated circuit board which carried out the laminating of the GaN of a 
thick film may be used on substrates, such as sapphire, SiC, and GaAs, besides the above, 
and even if it uses as a substrate what carried out patterning with the mask of Si02 grade 
on the aforementioned GaN laminated circuit board or the aforementioned nitride semi- 
conductor substrate, the luminous efficiency of the nitride semi-conductor which consists 
of MQW similarly can be raised. 
[0063] 

[Example] It explains referring to a drawing hereafter about the example of the 
manufacture approach of a gallium nitride system compound semiconductor with the 
MQW structure of this invention. 

[0064] (Example 1) Drawing 2 is a sectional view showing the layer structure of the 
nitride semi-conductor which consists of MQW concerning the example 1 of this 
invention, and drawing 3 is drawing showing the growth profile (substrate temperature, a 
growth rate, hydrogen concentration, ammonia flow rate) of the nitride semi-conductor 
which consists of MQW concerning the example 1 of this invention. 
[0065] first, after laying the substrate 1 of the sapphire to which the mirror plane was 
made in the front face in the substrate electrode holder within [ reaction ] an MOCVD 
system, dirt and moisture, such as the organic substance adhering to the front face of a 
substrate 1, were removed by keeping the temperature of a substrate 1 at 1000 degrees C, 
coming nitrogen out of 51. a part for /and hydrogen by 517, and heating a substrate 1 for 
10 minutes with a sink. 

[0066] next, the temperature of a substrate 1 was dropped even at 550 degrees C, and as 
carrier gas, nitrogen was come out of a part for 161./, ammonia was come out of 41. a part 
for /and TMG by 40micromol/, it supplied, and the buffer layer 2 which consists of GaN 
was grown up by the thickness of 25nm. 

[0067] next, after stopping only supply of TMG and carrying out the temperature up of 



the temperature of a substrate 1 to 1050 degrees C, the substrate layer 22 which comes 
out of 41. a part for /and TMG by 80micromol/with a sink by part for part [ for 131. /of 
each ] and 317, supplies ammonia, and consists nitrogen and hydrogen of GaN of 
undoping was grown up by the thickness of 2 micrometers as carrier gas. 
[0068] After growing up the substrate layer 22, the temperature of a stop and a substrate 
1 drops even 750 degrees C, and supply of TMG is maintained to this temperature, as 
carrier gas, nitrogen was come out of 141. a part for /and ammonia, 61. a part for /and 
TMG were come out of a part for 4micromol/, and TMI by Smicromol/, it supplied, and 
the well layer 5 of the quantum well structure which consists of InO.15GaO.85N of 
undoping was grown up by the thickness of 2nm. 

[0069] After growing up the well layer 5, as a stop and carrier gas, supply 141. a part for 
/and ammonia by part for 617, and TMG is supplied [ supply of TMI ] for nitrogen by part 
for 2micromol/. GaN (barrier layer A) of undoping is succeedingly grown up by the 
thickness of 3nm, turning and carrying out the temperature up of the temperature of a 
substrate 1 to 1050 degrees C. When the temperature of a substrate 1 amounts to 1050 
degrees C, respectively nitrogen and hydrogen by part for part [ for 1517], and 317as 
carrier gas with a sink it came out of 21. a part for /and TMG by 40micromol/, ammonia 
was supplied, and GaN (barrier layer B) of undoping was succeedingly grown up by the 
thickness of 12nm. In this way, the barrier layer 6 with a thickness of 15nm it is thin from 
GaN of undoping was formed. And the well layer 7, the barrier layer 8, the well layer 9, 
and the barrier layer 10 were formed as carrier gas by dropping nitrogen to a part for 
1917, and ammonia's dropping substrate temperature even at 750 degrees C again with a 
sink by part for 117, and repeating the same procedure as the process of the well layer 5 
and a barrier layer 6. 

[0070] after growing up a barrier layer 10, the temperature of a substrate 1 was kept at 
1050 degrees C, and lOOnm of cap layers 23 which come out of 41. a part for /and TMG 
by 80micromol/with a sink by part for part [ for 1317of each ] and 317, supply ammonia, 
and consist nitrogen and hydrogen of GaN of undoping was succeedingly grown up as 
carrier gas. 

[0071] Thus, MQW which consists of a three-layer well layer was formed, and it 
considered as the sample 1 . 

[0072] In the process which forms MQW in the manufacture approach of the above- 
mentioned example 1 (Example 1 of a comparison) After growing up the substrate layer 
22, drop the temperature of a stop and a substrate 1 even at 750 degrees C, and supply of 
TMG is set at 750 degrees C. as carrier gas, nitrogen was come out of 141. a part for /and 
ammonia, 61. a part for /and TMG were come out of a part for 4micromol/, and TMI by 
Smicromol/, it supplied, and the well layer 5 of the single quantum well structure which 
consists of InO.15GaO.85N of undoping was grown up by the thickness of 2nm. Next, 
substrate temperature was held with 750 degrees C, was made into carrier gas, with the 
sink, ammonia was supplied by part for 1417, and it supplied 61. a part for /and TMG for 
nitrogen by part for 2micromol/, grew up GaN of undoping by the thickness of 1 5nm, and 
was made into the barrier layer 6. 

[0073] Henceforth, the well layer 7, the barrier layer 8, the well layer 9, and the barrier 
layer 10 were formed one by one by repeating the same procedure as the process of the 
well layer 5 and a barrier layer 6. 

[0074] next - as carrier gas - a part for 1417is carried out for nitrogen, and the 



temperature up of the temperature of a substrate 1 is carried out for ammonia to 1050 
degrees C with a sink by part for 11./— making — after a temperature up — as carrier gas, 
nitrogen and hydrogen were come out of 41. a part for /and TMG by 80micromol/with the 
sink by part for part [ for 131. /of each ], and 317, ammonia was supplied, and lOOnm 
laminating of the cap layer 23 was carried out. 

[0075] Thus, MQW which consists of a three-layer well layer of the same structure as an 
example 1 was formed, and it considered as the sample 2. 

[0076] First, the optical property was compared using the photoluminescence (PL) 
measuring device about the sample 1 of an example 1, and the sample 2 of the example 1 
of a comparison. The excitation light used for PL measuring device is helium-Cd laser 
(wavelength of 325nm), and excitation reinforcement was set to lOmW. 
[0077] Drawing 4 is drawing showing the photoluminescence spectrum of a sample 1 and 
a sample 2. The PL spectrum 3 1 of a sample 1 was about 4 times the luminescence 
reinforcement of this as compared with the PL spectrum 32 of a sample 2. Since the 
direction of a sample 1 grew the barrier layer at higher temperature, and the crystallinity 
of MQW improved, this is considered. Moreover, the growth time amount of MQW of a 
sample 1 has been shortened for about 30 minutes rather than the sample 2 by raising the 
growth rate of a barrier layer 20 times after a temperature up (constant temperature of 
1050 degrees C). 

[0078] (Example 2) It explains, referring to drawing 1 about the manufacture approach of 
the light emitting device using the nitride semi-conductor which is the 2nd example of 
this invention. 

[0079] firsts after laying the substrate 1 of the sapphire to which the mirror plane was 
made in the front face in the substrate electrode holder within [ reaction ] an MOCVD 
system, dirt and moisture, such as the organic substance adhering to the front face of a 
substrate 1, were removed by keeping the temperature of a substrate 1 at 1000 degrees C, 
coming nitrogen out of 51. a part for /and hydrogen by 517, and heating a substrate for 10 
minutes with a sink. 

[0080] next, the temperature of a substrate 1 was dropped even at 550 degrees C, and the 
buffer layer 2 which comes out of 41. a part for /and TMG by 40micromol/with a sink by 
part for 1617, supplies ammonia, and consists nitrogen of GaN of undoping was grown up 
by the thickness of 25nm as carrier gas. 

[0081] After stopping supply of TMG and carrying out a temperature up to 1050 degrees 
C, respectively nitrogen and hydrogen by part for part [ for 1317], and 317as carrier gas 
next, with a sink it came out by ten cc/, SiH4 of the part 10 ppm dilution [ ammonia ] of 
41. a part for /and TMG for 80micromol/was supplied, and 1st n mold cladding layer 3 
which consists of GaN which doped Si was grown up by the thickness of 2 micrometers. 
[0082] The temperature of a substrate 1 is kept at 1050 degrees C after growing up 1st n 
mold cladding layer 3. Respectively nitrogen and hydrogen by part for part [ for 1517], 
and 31 ./as carrier gas with a sink ammonia was come out of a part for 217, TMG was 
come out of a part for 40micromol/, and TMA by 3micromol/, it supplied, and 2nd n 
mold cladding layer 4 which consists of aluminumO.05GaO.95N of undoping was grown 
up by the thickness of 20nm, 

[0083] Drop supply of TMG and SiH4 by the stop after growing up 2nd n mold cladding 
layer 4, drop substrate temperature even at 750 degrees C, and it sets at 750 degrees C. as 
carrier gas, nitrogen was come out of ammonia by part for 1417, 61. a part for /and TMG 



were come out of a part for 4micromol/, and TMI by 5micromol/with the sink, it 
supplied, and the well layer 5 of the quantum well structure which consists of 
InO.15GaO.85N of undoping was grown up by the thickness of 2nm. 
[0084] After growing up the well layer 5, as a stop and carrier gas, supply 141. a part for 
/and ammonia by part for 617, and TMG is supplied [ supply of TMI ] for nitrogen by part 
for 2micromol/. GaN (barrier layer A) of undoping is succeedingly grown up by the 
thickness of 3nm, turning and carrying out the temperature up of the temperature of a 
substrate 1 to 1050 degrees C. When the temperature of a substrate 1 amounts to 1050 
degrees C, respectively nitrogen and hydrogen by part for part [ for 1517], and 317as 
carrier gas with a sink it came out of 21. a part for /and TMG by 40micromol/, ammonia 
was supplied, and GaN (barrier layer B) of undoping was succeedingly grown up by the 
thickness of 12nm. In this way, the barrier layer 6 with a thickness of 15nm it is thin from 
GaN of undoping was formed. And the well layer 7, the barrier layer 8, the well layer 9, 
and the barrier layer 10 were formed in order as carrier gas by dropping nitrogen to a part 
for 1917, and ammonia f s dropping substrate temperature even at 750 degrees C again with 
a sink by part for 117, and repeating the same procedure as the process of the well layer 5 
and a barrier layer 6. 

[0085] After forming a barrier layer 10, the temperature of a substrate 1 is kept at 1050 
degrees C. Succeedingly nitrogen and hydrogen by part for part [ for 1517], and 
31 ./respectively as carrier gas with a sink ammonia was come out of 21. a part for /and 
TMG, a part for 40micromol/and TMA were come out of a part for 3micromol/, and 
Cp2Mg by 0.4micromol/, it supplied, and p mold cladding layer 1 1 which consists of 
aluminumO.05GaO.95N which made Mg dope was grown up by the thickness of 0.2 
micrometers. 

[0086] came supply of TMG, TMA, and Cp2Mg out of the stop after growing up p mold 
cladding layer 11, came nitrogen out of 181. a part for /and ammonia by 217, even room 
temperature extent was made to cool the temperature of a substrate with a sink, and the 
wafer with which the laminating of the nitride semi-conductor was carried out on the 
substrate was picked out from the coil. 

[0087] In addition, all of TMG which is an organometallic compound, TMI and TMA, 
and Cp2Mg are evaporating with hydrogen carrier gas, and they were supplied to the coil. 
[0088] Thus, without giving annealing separately to the laminated structure which 
consists of a formed gallium nitride system compound semiconductor, on the front face, 
after carrying out the laminating of nickel (nickel) and the gold (Au) to the whole surface 
by the thickness of 5nm with vacuum deposition, respectively, the translucency electrode 
12 was formed by the photolithography method and the wet etching method. 
[0089] Then, the insulator layer (not shown) which consists of Si02 with a CVD method 
was made to deposit by the thickness of 0.5 micrometers on the translucency electrode 12 
and exposed p mold cladding layer 11, and the mask which consists the translucency 
electrode 12 of an insulator layer which exposes a part of front face of p mold cladding 
layer 1 1 to a wrap and coincidence by the photolithography method and the reactive-ion- 
etching method was formed. 

[0090] Next, using the above-mentioned mask, by the reactive-ion-etching method using 
chlorine-based gas, p mold cladding layer 1 1, a MQW layer (5-10), and 2nd n mold 
cladding layer 4 were removed in a depth of about 0.4 micrometers, and the front face of 
1st n mold cladding layer 3 was exposed from the front-face side of exposed p mold 



cladding layer 1 1 . 

[0091] After the above-mentioned process, the insulator layer was removed by the wet 
etching method, and by vacuum deposition and the photolithography method, the 
laminating of the titanium (Ti) of 0. 1 -micrometer thickness and the Au of 0.5-micrometer 
thickness was carried out to the part on the front face of the translucency electrode 12, 
and a part of front face of 1st exposed n mold cladding layer 3, and it once considered as 
the p lateral electrode 13 and the n lateral electrode 14 a part of, respectively. Then, the 
insulating film (not shown) which consists of Si02 of 0.2-micrometer thickness which 
covers the front face of the translucency electrode 12 by the plasma-CVD method and the 
photolithography method was formed. 

[0092] Then, the rear face of the substrate 1 of sapphire was ground, it was made thin and 
the scribe separated into about 100 micrometers in the shape of a chip. After turning the 
electrode forming face side upward and pasting up this chip on a stem, the p lateral 
electrode 13 and the n lateral electrode 14 of a chip were connected with the wire to the 
electrode on a stem, respectively, and resin mold was carried out after that, and the light 
emitting device was produced and it considered as the sample 3. When this light emitting 
device was driven by 20mA forward current, light was emitted in blue with a peak 
wavelength of 470nm. The radiant power output at this time was 4mW, and forward 
direction operating voltage was 3.8V. 

[0093] (Example 3) It explains, referring to a drawing about the manufacture approach of 
the light emitting device using the nitride semi-conductor which is the 3rd example of 
this invention. 

[0094] Drawing 5 is a sectional view showing the layer structure of the light emitting 
device which consists of a nitride semi-conductor with the MQW structure concerning 
the example 3 of this invention. 

[0095] In the light emitting device which consists of a nitride semi-conductor with the 
MQW structure shown in the example 2, a prototype was built about the case where a 
substrate is a nitride semi-conductor, and the radiant power output was investigated. As 
an example, the nitride semi-conductor substrate produced the light emitting device 
which is GaN. By the HVPE method (hydride vapor growth), after carrying out the 
laminating of the GaN of 100-micrometer thickness on silicon on sapphire, in order to 
remove the irregularity on the front face of a substrate, the diamond slurry was used for 
the substrate and it performed polish with a depth of 10 micrometers. After polish 
removed the damage layer by machining generated on the GaN front face, finally 
removed silicon on sapphire, and used it as the GaN substrate 21 . In order that the GaN 
substrate 21 might remove the organic substance and impurities, such as a lubricating oil 
at the time of polish, and a wax, it carried out organic washing and ultrapure water 
washing, and laid them in the substrate electrode holder within [ reaction ] an MOCVD 
system after desiccation. 

[0096] After carrying out the temperature up of the temperature of the GaN substrate 21 
from a room temperature to 1050 degrees C directly, respectively nitrogen and hydrogen 
by part for part [ for 131./], and 31 ./as carrier gas first, with a sink it came out by ten cc/, 
SiH4 of the part 10 ppm dilution [ ammonia ] of 41. a part for /and TMG for 
80micromol/was supplied, and 1st n mold cladding layer 3 which consists of GaN which 
doped Si was grown up by the thickness of 2 micrometers. 

[0097] After that, with the same growth procedure as an example 2, the laminating of 2nd 



n mold cladding layer 4, the well layer 5, a barrier layer 6, the well layer 7, a barrier layer 
8, the well layer 9, a barrier layer 10, and the Mg dope AlGaN cladding layer 1 1 was 
carried out one by one, and the translucency electrode 12, the p lateral electrode 13, and 
the n lateral electrode 14 were formed as an electrode process, the light emitting device 
was produced, and it considered as the sample 4. When this light emitting device was 
driven by 20mA forward current, light was emitted in blue with a peak wavelength of 
470nm. The radiant power output at this time was 4mW, and forward direction operating 
voltage was 3 .4V. In this case, the thing of the light emitting device (sample 3) using the 
silicon on sapphire which showed the radiant power output in the example 2, and 
equivalent level is obtained. From this, when a substrate was GaN, the luminous 
efficiency of a light emitting device improved sharply like the example 2, and it checked 
that forward direction operating voltage was reduced further. 

[0098] In addition, although the gestalt of the operation explained above explained the 
example applied mainly to light emitting diode, not only light emitting diode but this 
invention can be applied to various kinds of semiconductor devices, such as 
semiconductor laser which used the nitride semi-conductor. 
[0099] 

[Effect of the Invention] The outstanding effectiveness that the crystallinity of a barrier 
layer can be raised and the luminous efficiency in the light emitting device which consists 
of said nitride semi-conductor can be raised is acquired at the same time it controls 
degradation of a well layer by growing up a barrier layer in the nitride semi-conductor 
which consists of multiplex quantum well structure (MQW) as mentioned above 
according to this invention, carrying out the temperature up of the substrate immediately 
after well layer growth. 

[0100] Moreover, when forming a barrier layer thickly or increasing periodicity of 
MQW, the formation time amount of a MQW luminous layer can be shortened 
conventionally, and it becomes possible to reduce the manufacturing cost of the light 
emitting device which consists of a nitride semi-conductor. 
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(Cp 2 M«) •^x^f-Zl'Sffi (Zn (CHa) i) 
1 1 1 «SE«OiCRXrx fc t it L JR* * « 

[0004) Zt-X. Z P)$.%mf$.P>tit. n ffiSO^® 
tsXX/pmmn0M<r>itL^iHZ nfflWMEfc itf pfflWI 
«WlRt. -f-yr^^firfSwfcUA-p-C, 

^s-^&dfc^r^i.. 
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[0005] $BeS*is mm.(»9tML&t%hi. o I *«IK#FJ1*3S*:j*»U 5«?)»MSi:#Fl£ 

niOttrtfcWBUilnGaNfcJHK <rft£fi&3fcfl± J»"&. Sfcfc. »KffiK*9 OOXXftfcU 14 

9v<yH**?7X*/Wf-W*£M?5* FJBT#* nm<7)Ga N^fe^r&fiUiWRiSSS: 5&gO*7#F 

WfcJBv*<->*vO>**«, «ST»i, WC«Wt<0*V>Ji^ [0012] iOflMrtt. S i K-7V)G aNtfei 

[0006] £ «o*^#Ffiijttt#Fi t mftiz > <> u fr-?&mmcom*-z&>-£-rhztiz*'7x. » 

**yTx*;l^-0**oJim«itr£fcfcJt-jT 10 $HOt£#<?)81fi{i, ftBW* 1 1 -2 2 4 9 7 2^- 

[0007]**, #F*#-oT*4*-*F#FJ: MtXfjm&SWt . 7 5 0iClc*»LT. 

9ifl3ftW<0&^2fiS7#F (MQW) tt, I n, I no.tGao.8N#>^&|>#F/I£2 5A<DK/rC'^l£ 

Gai-«N (0<x<l ) *><o&.&#F«fc. In,Al f TM 1 cOt/l'tt^bStfS^TW* 

:Gai-,-.N (0Sy<l, 0Sz<l, 0Sy+z< ]®&fgX\ I no.oi G ao. 95N*»(a^:*»ffi«t 5 0 A 

1, x>y) frfcfciMWfc^fcSMM-fcClfcfcJ: OBWCflM-fl.. ^O^f^Srl 3131ft 98 U AftC 

[ 0 0 0 8 ] *-«)«3|W5atBtt, HBW10-129 0>*aW*fcHtfcL.TV\*. 

2 2#4f«fc:ra*SixTV>|,. ifttt. AIGaNH 20 [00 1 3 ] COMTtiL PftKJIfcftFJIJ: OfcX^F 
=5rSWSlt I nGaN*>&&S#F«&3SE£»SL nGaNt bTJBJftLfcfcWt* 

fcMQW*><b&&g«¥Sft&ft3!H 1 T;J> 0 s MOC 0 . #FlW±t I n G a N4>6&*KKII*J0Jftl'*: 
VDHB*fflt^T, 1T7T-fTfflR±CAlN*»feiri InGaNHWfSilliGaN^AlGaN 

rt»7Tl, S i Sr K-rLfcGaNJi**iWc*lL ISllclWLTWWWfe**^*. MQW«t 0 1>±<0 

Y-TLtzty v mmt^v?? hJ§zmmzmi§L %n,zmm)*mm>t>%h*mft 

Kbcovhi. u-^(ommiuz^mx'hhzbi3^tix\^h L 

[0009] Znftftm^Ztiti&MQWCDfc&fjmz [0014] &tZ s PSSJIk 1 nGaN^> #FS 

owttt. 1 lOO'Cfc&lSU NzX fc fcil*TA*t:** *fctf>» jfefc»ALfc# 

fihh, Ty^-T, TMG, TMAS:3?AL.TA1 30 Fl^##P*WI£ix!> WT\ tSfttt^i^MQW?:^ 

i.o»Gai.8sN*6&4WS50A*)l*«l«:»*U *-C**U #pmtmmimMbX&%?$hC0 

^v%TS«iaJKS:8 0 0°a3WC6l^L.. NzXJi Ts MQW?)j£j|i$raiM*fr£ hZ fctfwSfiTH 

Hz. rvt-7. TMG, TMlSMt, ^'J^^ 4. 

i: SfBA < K — 7* <f Jut I no. 2oGao.eoNa>£>&§lS£ [00 15] 

5 0A<7)#FS£J»-£. -5-LTs ifoiefcSSl b Mi imiffMikl i o t~t Li>LW^ ff»^ 

wM<o^m.bmti,zix^h. [0016] %-<7>m:<7)ft.mzii^xit. i n 

[00 10] £0>ffit?ti. SBfclfcttFJffc BMMt GaN*^^r&#F«SrA^, A 1 GaN#>fe&6R! 
<0£tttt*a»£fc6MQWfcfflVvt^6fctf>. <£fi[0^ 40 SJIfcJftR;* it ( 1 1 OO'C) 

too 1 1 ] Mo^t^coisffite, #P¥i o-i 35 [oo 1 7 ] mz* m-<r>m:<r>ttmzi5^xi>. in 

5 1 4^mizm^tlX^b. Ztllt, mMft/tm? GaN*>f,^«,#F)15r€^. GaN*»A.sflr6|»»B 

05MQw<Qj£jfefri6te*$vvt . afltaA^ 9 o o°ct:^ ^AJid't&sffflde ( 9 o o*c) tx-^ttimiz 

ftl* Ut. TMG. Ty^-TZmAlXmZS. 5 fe^T. ^<tt>#FS^(S* < %4-tS^.. iteiFa 

JKSr7 5 0°Clc;f»WfLN2. TMG, 7yt-7<0«!! [00 18]-*, ^Z^^SffilCfc^tti, #F 

(C, TMI$r^ALTff$3. 5nmOIno.i 6 Ga ■k»ltl«rie***&ifi«iaK* t P!t'C**fc«>. # 
o.84N*»^«r*#F«t»J«-t*. *LT, B?faraEeS 50 FlcOtfflfli^^. L*»L***fe. MQWfcfcV^T, 
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we»6H^«ffiT6fctf>fctt. mmitnwmizim zit&imzMz. iztizx->x. mmmtw^m 



{00 19] b?IS»M«OI nGaNIl KftWt. ^«<0#IWfclWW"C&*fcH"$fcs 

fcttG a NtEifiV £*U9. GaNfcfiV* OlftAtt* lH±S** £ k*<T§ . «3K»*»»V^MQ 

JS&rfc&l$gl£#F»kNtS«*&l£ <7 5 0'C) wa*R*«*f k*«rfififc$r6. *fc. MQW& 

mini ioox;mT-f8.%it:i3&izmLxm< mm*b%i?tm?<vm3Ah*i8m-hzbtf 

[0020] i<?)J: 5 fc, ft*^MQW<^§g}i;fri£T* [0027] 

ttWKTf-ikv^matffc^fc. i-zmm^mwmmtzumx'b^x. m<mwL 

[oo2i]*fc. «H»flrMQw*f»r*fcif>fc: »MJKT'fne#FiSrBg«$-ti>^ 1 oxgk , Miem 1 

#F^$-|Slt^jSST'^$^l>^T«i:. 20 2 <7)TMk. 1*1282 0^ia£a>f>ffIffiS&ltf>£« 

III*<Jt<£9. MQWcoSJt3XbA^«<^l > ± s MQ XZm&TXWZBf&tlZbZmibtimit'mm 

wots s&fflSiTth t^o wmtfh o & . «c<7)»)jt^^T-J> & . 

[0022] *W^8VtTJ*fcf **MW±. #F« [0028] £«ttriSU, #FJK0R&£B&J: 0 . 1KB 

*)#fl:*WMU *>oP«JB*>ISJMM:l»li:S-**£i: Lfc#fcl*M**»3*4«>T. JH»»fc*$»t* I n 

& £ * t* & . [0029] it&a 2 kwi^iwi. hm 2 WIS 

[0023] 3o izzommmm&zvwk, m&53coxmm 

*, #F«WJ*JacaLfcS«awrc#Fe£jft£Lfc 0. #F«Sr**S*&«RiaflEJ: l 3*v*«arc» 

tt(c. ^fclMLfra^BfiWO-SS (WT. r KS 1»Lfctt«fc:i3Vvc. MOT*)-********)?. 

th . > hsm tt&ts s«a«*#FJi*isa3 [ o o 3 0 j tmm 3 iwe*4 oxg 

OS^CktiO. «Sflttt«n. «JK*WO»v>MQ 40 JM#. 1^2OI1Sfc:fe<t&1l»fifB0>*Eit 

W«*JI**j«T* fc-T btJWLt:. «<* 0** v»C:k «:W»fr*SI«iH2fc8B«WBMI:«i 

[00 24] KMB*jftJt9-t6K(Z. »BBm ¥»#0«»»ttrA 0 . #FJiJ:0<)ffl»«fcWv« 

ik^, V/lllit«r»WiA*i«ftS*4*&J; l 9fc ;POMQW<ortt*«WB*«llT* IIQW*»fe* 

•f&dkicio-c. mmMBn&mz&gx-ztzk &mm*mfc<r)W&?*v ^mx-% wmz 

[ 0 0 2 5 ] « fc , mWS B ^ **S * *RC. #F« [003 1 ] ft^R4 tzKmnltMi* I3I2»4 c7)Xg 

»JWB£i*£U:tt, #FJB*«*$*4a&Ra »ffl^+^*S«JK* J s «e»2<oiSfct$tt*«SE» 

K*TWI-4'&Ri(ct>. ^Cf<kfcWMW>HI**Jl 50 SJl<0RSft^.#H^'1'O7K^JiS<t , )^:&>'^kSr# 



[0026] Z<DX 0 teRMZlttfi* MQWWf^ 
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mt -r &mm 2 izm^mmmwtimx'h 

0 . Mem4 (r)T.nX'*.mm&t^& Z k lc <k 0 s S 

Wfrnx-nm^wJ ru-isa ytf&mzti, its® 

$ HJW>4 Z k h k W 0 ftffl £ *Tt 

6. 

[0032] n^stfEnowflii. Mem4<om 

/IIlttfcD?*) *<. MBm2*)IiS£fctt&MePi£ 
l<7)fi£^<ov/IIIJtJ:0^v^^:t^^gltt■fl»« 10 

[0033] B5*)I6tcie»cO%Bflli. Me#FJf A< I 
n.Gai-.N <fIU 0<x<l ) T*9, MeiSMl 
tfi I n,A 1 iGai-r.N (fSU 0Sy<l. Olz 
<K OSy + z<K x>y) X'b&ZktfflLk? 

&x-<r>\ ^nMzw&nmiwtmw 20 

*mmm±.Rcr>ttmizmfe?&zkx\ mqw** 
sMitt&zktf?*. ae^Wfwe^ofifcMQw^ 

[0034] M*J17 tEtfcOJHBIi, ffHUfiff *<G 

a nt** ; k *mb+hrnm6£awmm* 
mftowkimx'b'o. wmmmmtzhizmibz 

[0035] mm8£.3im<mwt. Mem 1 30 
5 0 0 -c- 9 0 0 tt* 0 » Mem 2 <OS»Jg 

#8 0 O'O- 1 2 0 0-CT* h Z k k t SIB 
1 *>4> 7 *TOV%-f h.*>tzfeiBic7)g«#«tt:(0Sj&* 

»T* 0 » Mem 1 <o««iasfc «t t/'Mem 2 <o»ss 

[0036] ||HH9t;:E«a9HI!M:. USBPMMW* 

8 i x-<r>\ i^frizimn&mfflmnw&mx'b 40 
0. #PJBW*ft3WWMT*&tH*t. Pffil«ifSf B 
1i^iS46* ; k #TS I k i> ? ftffl£lrfl> . 

[0037] mxm 1 0 cEsojMttt. Mem 3 01 
t. Mei«®Ji$-R£ft$-ti»>:tSr^t-ri>f»*«i 
t*o. ma^izmm<n-^0L^-thzkizi 
1- *«^Tt MQw^jftWHtjanHk-r* - 1 * { t 
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SlfcTSfcfcv^fWflfc'ir**. 

[0038] mm 1 1 ceawjHWi. mtemm 

7t4 rttcits i c£&*. Mem 1 OS^iaJSi: 0 
(Sfflcos^jairrfriefflswit^^^^sr^tyA' 

t*tfT«uit»aUs MeTflfiiwi^Me^aa^ 

#F^«-T6ik«r«Nai:-rsiS^Hl*^10*T 

wttifiHzm.^mitmmftnm&mTht) , n 

v>&ftte£ioTi^£#SST§, **>J:fc:j*»S-li:* 
MQW£i«!ft1l'(LT#£jttf>s MQW*>£>&l>&3fcJI£ 
t)OS^^<*^^^it59*^^*-t* ? T 

[0039] §s*a 1 2 icd^nu. maHWB 
^•r* z k tmwik i&t>io *to 

a*»tie«!t7)Mfl:^ ; l i ^wSIJt^T*0. 
v^ttSrt>-^TS615r#ST^. -?-c7)±C)t*$-«-S 

fcoB^JMI*^»W)«3t«»t?W)6 i k * { T 

[0040] is^ii 1 3£m,of&m. Mes«* ? c 
*mwm&mx'$) o , «st MeT«fc«* { P)-w 

X'blKlt). SfcfcKvvlSIM*«:fcoTtt«*fWT 
-5-<7)±(c^5-t*-*MQWSriai™bT^I»^. 
M QW*» 4> =5r* t ofiftWNWtffSJias^* 

##>$&i5«>6 1 1 * { T# S k V ^ d fffflS: Wt * . 
[0 04 l ] tlTK. *»»^ilW)«fflW)fl*M*. 

[ 0 0 4 2 ] H lttt. *W%<r>~mi<7)Wm£.&h M 

[0043] -lO&ftifmi, -9-7r-f7^<o^r«>a« 
ltf0±(^ GaN*>fei5rSM'-y7rl2k, GaNH 
SrSmiOnS??-/ Ha3k. A I GaN*>f>^rl.m 
2«nl?77l ; S4i, I nGaN*>t,2:S#FJi5 
fcit^G a N*>4,^*Wffli6 iSSt«fiS*fcMQ 
Wl( 5~l 0) k. A IGaNM^pl?77 H 

mi lkfim^mmztixm. pS^9 /HS 
i i<o«iHwiajiettWii2. p«i3*«i:» 

4*^?nrv^i,. 

[0044] d^5t^Cfc(t&MQW{i % MOCV 

[0045] ff , ElB»rtfc+»afe»Lfc1>-7 r "f T 

=5r*<^ , £C 1 1 0 5 0TT 1 ffi^ 

1 O^Ect)? 'J --y^Srff 5 . 

[0046] mz, S*l<Oiaa*5 5 0 , C4TRT3 
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tf, TMG S TV^-rSrm-fitSSUTGaN -f&ZtWmmtKhKth. Kffi»OJiy|l$wf?fflm<0 

/N'-/7rja2^a«ico±t^-t^„ A. y7r ®2^ *.mmmmvrffi\ npmmmtmt^tih. z\k 

tsi?>>aj££io5ox:4T#jsu i<7)ia.&Tii^ mmt^itzub. Sis dosox:) Ti$&Jf Aj;*)t> 

Ts SS. #*, TMG, TV*=-7. S i hUfc^it jft^«*ffl^#*aW£i6^*£i:fcJ: 9, 

* f ftSLTmonfflGaN?9->'H13fc»J*"f&. BfOV-f ^W-^-g P$i£«Ojgfl1t$r[fl) 

miOn^GaN^7-yHS3SrJB^«i, m®$ 1 ±$tf&i S . 

0 5 0*Ct3fc^T, ?KH. TMG, TMA, TV [005 2] mmB<7)J$,m<?>V/Umm 

*-T£*tl?iX$LlZ%i2COnMA 1 GaN?7?F fiHAaj£filtoV/IllfcJ:9k'MK'*-&£i:* t 2 
B4Srm-TS. 10 ftttWfctts BMAWV/INittflxiO* 

[0 04 7] S5C*C. TMG, TM AcO#$i!6£it ~2X 1 0 B T*6<0H»U, P$MifBcOV/inJtti5 

toT, »RlfiO?fl*Sr7 5 0-C*-i:-T(f. B*« TM xlO ! -lxlO«A>liU\ RfSSBOV/IIIJt 

G, TM I , ryt-T^-efl^flSSLT, I nGaN # 5 X 1 0* X *) t>*SV>»£li, R®JlBOJ&Kl$fc 

[0048] *c7)f&. TM I <7)i*te<?)*-i]ktbX. 3\Z <40. 1X1 0« J3ltfc$:& t^^B^figtt*^ 

as. stai«fc7 5ox;3&»feio5ox;*T#KiL«r ffit%&ztiz£mmB<n%mi:y*a*?-wmtt, 

tft>immhzm$.L. sti o5o*cfc*»vvc, m -r^<t^t^i>. 

TMG, 7y*-7£ftt?;h.iiiEL&a { ^ [005 3] iJttC, MQWtf)#F«t±I nxGai-«N 

MtlB&ttjftU &Slt«AiPSgJgB££;b-£Tl$M (0<x<y) , Ulllil n,Al«Gai-nN (0 
Mbfth. Kfc. Tk^fcTMGCT^^jfctf). S«l 20 ^y<l, 0Sz<l. 0Sy + z<l, x>y) tt 

OiBflEfe7 5 0 , C*-CTif6. *ttt, #F«5tKS SiitfSiU^. ttF^OJSftBSkfc^aUWfeW 

«6 1 isi«w#if fctstsu #f/B7, WMJ18 . #f a**)--****** &*>-c. wmmmm'mm* 

19. RMl OfcJBiHMU MQW*»ritt&. £ "«r*>% I n, A 1 iG ai-y-*N (0Sy<l. 

watSKUWJf, #Fl^M*WlT-#St|B)B#t, 0Sz<l . 0Sy + z<l, x>y) fc-tiifcCi 

•HffiJi**&Ilfl:£ S*>* C ifiX'% i. 0 , #F«0#<b&**pitlJ$*lS fc RMK, WSSOtefl 

[0049] *fM»4>0>ttftfcJ;*lMr , KBJIBOjft tti«ft* i *fc*>, SSJBWttWf^ifcMQ 

U\ ftWCtt BBJ|Al>j£Jtjl!K(iO. 0 1 //m [00 54 ] PMWfcGaNfc'Witf, 

/h-0. 5/im/hT'fc&«>fcttU »MJlB<7)j£j| U£Jltt£$ 6. 
&&i±0. l/um/h~l 30 [ 0 0 5 5 ] . «KSM»:ol.vcii. #,p «(±5 0 

LW PSlllBOI&KjfiS^O. ljum/h J; 0*0-9 0 O'C^lcB^a* #F«t"(i. ifcftB* 

\\bMQW<DBmz&imtffrfr y )mg$>l,, lOum/ iZti^Xt ftMtf%»k-t h <7>T , 9 0 0°C e fc9ia^i: 
h J: i^RtftflBattJMfc&WI:-*-*. I n G aN»^*H^3ftT#F»Wlfc A.ifrtftb 

Hmifl : F«Citi|i8LTW<^l^-&^S* i * , 9. # 'SK^ 1 ?, 5 0 O'CJ: •? t,®v^fc#F>l^^1t* < M< 

tc, KSJSBeofS;^;, PffiBAJ ot>&v>j&Ki&& #iaf£«o»Kfflgii8o o^o- 1 200'C 

s*^^< ! 5ri><7)T% mmm<mm.tfpi±-t% t m iaj±-ri.* { i2oo-cj;ot«v^i:, ^x/s-w^ffim 

p$Mi$rff<-rs*^ j ?>, MQwc^jaMB^Srti^-r ns^-tftLs MocvD^swatESn^is^os^ 

€«R!riaS:fit*J:Ot)«i^t&^fcA^, M t,^<^rOs ffit<=5:V\ 4fc, «^iSS* ? 800 

[ o o 5 o ] j^cc , is^ii b coftt&#fcr>$mf*.v>7i<.mm ^\ 

SJiWffilA(7)ffimco#ffl^*»i8JSJ: 0 i«<-f [0056] <XH S ^>^< t t»»««A<o*«mw*(?) 

Sit J^M* LV^„ RflsWfctt. Vm AC0figmC0# G aJK^tt*&*<i#F«COG alSipffltlf&ft A t 

|«R<O*3RMEj&«0X-5%T*4«(C«L. KS1B IZttmtLW #FS^*«fOTMG 
c7)R£^^£7)S5Hmc7)7kS?ilg<i 5 %~ 7 0 4 L 2«mol 1 0 u m o I /ftX'fo h <T)\Z 

w zzx\ At%mmi*mtfz<7)%s.itx'hz>. mm »l. »K«A<»*ftBi«w*<oTMGflafr««o. 4ju 

®B<O^B*Wf?fflS\W*^iR®*«5%J: mo 1 /#-4'*tmo 1 /#**«F4 L^. WS1A<7))S 

li. WS/B Bi0^ 8 B B ttA>'li'fb^«. L, 7 0%JiLhT(i, »fifWTMG«^i*'0 . 4wraol i 0 fc* 
^pl*It-<7?liJf^^l-'tt* { lHb1-«.. P»lMiA«r**$-**m, #Fl^^-fBSrW$iJ 

[ 0 0 5 1 ] BEBJiAttJ^TU, #FJB«0^MW*W« 50 ^l-C: t^Htt^rS 4*em o I /^J: 0 t>*Slr> 
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tmg mm* ®*t t xpmmmtm ztiM < & 
mmzm&x-mmm^m&g.xmz^h 

CliKSr&OT'. RSIlattAtttfJ: DJBfc**fcftT 

**a*«rf(^ffc:jIK>*ii:tT*4. £ft*£\ Ga 
MfJ«*&filiKSlA^B!t^Ba4M{i0. 4 //mo 1 
/#~4//mo RMAaftJUtTffiTCIi 10 

20/xmo 1/^-1 OOmhio I /ftk.'fhZ.btfX" 

1 0 0 5 8 ) «fc, #P«tjAft8-t«SiaueJt 0 1> 

Tt -r*; 1 1> inrc*« . 

[00 5 9] fcfc. «Rtt-9-7r>fr^SiCtJav\ 
*<7XLfc/<y7T«£»Jf U SfctSflSto******-) 

fa<7)%m>mt: Kft S^t **T g £ . 
[00 6 0] Sfctc. JHK*Bfl#tffflt&IKfc'*-«£ 

xxmmmm^mx y k*«T* . Bit 

*NW*ft«5IS»* 4 - 1 * J T'S 4 . 
[00 6 1 ] ttCs MQW^TWRttHRWfcG'aNtf 
JflOfeflTfcO. SlSSrGaNt-rSClttJ:*). Sfi 40 

WBSrdaJW&ifcft. *<O±fc«Jtt£MQW<0,ftH 

*<0«Jia»* Wf>4 £ fc tfTS 4 . 
[00621 JbEKW-fcfcl^-MT. S 1 C. GaA 
s HW>aSttLteWll*>G a N £ SiJI Lfc G a NffiVSK 
tJSWCiJOU frtewGaNSJaffi^lfriBWgft 
wmiNdHUiC s i o 2 ? - -y / I 

*^ttft»l^**W&£ 50 



[0063] 

[Htm] kit. *»w>MQwaBa*fco»i«ry>> 
[0064] mtmi ) 02{i. *%pnonmmuz 

[ 0 0 6 5 ] 9ff „ *B t«BfcfLUf r 4 

TWgfcl 8rMOCVDiS»)KJB»rt^*«*^- 
KWrUfctt, 2«Uft?M«£ 1 0 0 0X;fcfll&, MS 
* 5 U ••/ h;W/4h *f!§£ 5 U h/P/ft, TSSL^' 

i £ i otfigjbogws c t t= j; 9 , mtR 1 <o#ibs 

tuft* LT v ^fi^^ftft^ttSraX 0 . 

[oo66] mz, mm<7)i&& : S:55ox:i l z&x'm : 

S-t. ^f-v'J r^'xt Ut^$r l 6 U 7 T 
y=E:-TS-4 , J yh;U/^. TMGSr4 0//mol/ 
^, Ttt^LT, GaNK^:^7 7 7l2«:2 5n 

[0067] TMG«ffi»S(7)^.$r±f)-CS« 1 CO 
1 0 5 0iC4"?IW3tffct*. 'J T^t L 
TMStTKSSr*^ 1 3 'J v h)V/ftt 3 'J >y YWVt 
X-ftlKtfk. 7y*-T*4 »J -y h;k/4h TMG£ 
8 0Mmo |/#, t'^*&LT, T>"K-7'<7)GaNA> 
^'Sr.&Tttill 2 2 «r 2 /i m^W§ Ttt*«*fc. 

[0068] T«I2 2 TMGOflt*&5:± 
ft, S£ 1 OraKiSr 7 5 O'aciTKTStf. £ft?a« 

(ctt^L-c . ortfzk txmm 1 4 y y h^/ 

7y=e-T*6y y Y>V/ft\ TMG?r4/-tmo 1 
/%, TMIi5/imol/». TUBfcl/Cs TJ^H— 
TO I no. is G ao. as NA^^SM^T+FfflJS^Fl 

5t2nmOJ¥5riSS<f*fc. 

[0069] #F® 5 £j£Kf£ s TM 1 <0«»&$:±ft, 

*A>>j7/fzt ixmmz 1 4 y ••/ v>v/^, ry=e- 

7t6'J7 h/l'/^, TMG $-2 Mm o 1 /ftT'fftlo L 

ts sir i coiasfc i o 5 ortcisKtr^ias*^ 

mm$7>Y—T<r>G<iK Sr 3 nm 

cOlfST^?^, 1 COS®**' 1 0 5 OTXjf L£ 

/%t 3 'J y Yli'/ftX'm.LKtft,. 7>t-75: 2 y 
•yh-;P/^. TMG£4 0jumo 
^Ji^yH-rWGaN (RMJIB) ?:1 2nmW 
VSTftftS-g*:. idLTTyK-rftGaN^feJSr 
l>Jf$ 1 5 nm(7)Klll6S:jeRKL/i. fLT. ^r-V'J 

r^xt ltss^ 1 9 y y ry^^rsr 1 

y -y Wr*«fe. ffi«SJS^BS7 5 0'CtZ 

#F«5tKS/16c7)^jSi:|5l«e^)iI 
Sr^Oig-t^ttCctO, #FS7, P$Mii8. #FH 
9, »««10*»BKLfc. 
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[00703 nhi o&j££tt(is *eiw»**i 

0 5 0*CKft*? s 3l£$£s **VTXAbLXB.Xb 
1 3 'J -y Y)V/ftb 3 'J » h/W/fl-C«Uir 
Ty^-7£4'J 7 h/IV^ TMG£80jum 

0 \/ft. TSmUT. Tyh'-roGaN*>f>^l)df 
A- 7/1 2 3 £ 1 0 0 n mJ&RStffc. 

[00 7 1 ] ZOZotZtX. 3Jff)#F«A^&&M 

[0072] ( 1 ) ±tHOH«fiffi| 1 
4«OMQW£^|£t3>III£^?, T*6«2 2£j&fl 10 
f£ s TMGc7)ttJSS:il:i6. StKl<9;SJg£7 BO^Ki 
TKT?t 7 5 0'CKfcVvC. ^vVTtfXb LX& 
igS: 1 4 y 7 Wl-/ih 7^-7^6 «J 7 V>V/ft. 
TMGJ:4wmo 1 TMl£5jumo X 
m&bX. 7"S*-70)\ no. uGao.85N*»^l.^ 
-fi? #F*i)£?>#F/I 5 £ 2 n m<7)JI$T)££$-tt- 

t}Xb LX<mi 1 4 U 7 blU/ft-mLKtfty, TV 
*-TSr 6 'J 7 b/U/tf\ TMG£ 2 m m o 1 /4K'$ 
telTTyK-TcOGaN* 1 5 n mOJfST'l&IIS 20 

[0073] j-m. #Fm5tmm(><r>mmtmk<r> 
^mtmrn-tztizx*). #f*7. p$&«8, #f 
a 9 . Ban i o mmzB®. uz . 
[0074] mz. y 7#x t tx&mz 1 4 y » 
hrtV4h 7y*-7£ l y 7 Mk/fl-THLartffc. 
S« 1 OiBJgS: 1 0 5 OXJi-CSiftS*. ^iftSM**^ 
VTtfZb lTgSfc*&£«-* 1 3 y 7 hiV/ftb 3 
•J y h^/#T«L$:*^, 7y*-7£4 'J ••/ Wk/ 

TMG$:80/jtmo 1 T'ft&LT^-v-y 7"! 30 
23Srl00nmSlLJt. 

[0075] ^j^kuc. &*fee&Ji bm-w&m 
[0076] lefepuosm wswiok 

fl2COViT7* h^S^ y-ty^ (PL) ffljggfl* 

fc»B3iaiHe-Cdl/— if (tS325nm) t> ffll 
i@3££ttl OmWt UJt. 

[0077] 04(±, K8ltiJ:tf»B20)7*h/l'5 
*7*y*X^? WI^^IST*!.. UfflWPU 40 
«.7Y->V3 l{iaS^2£7)PLX^^h/W3 2{CJt®ELT 

±Lfcfc«>fc#ifefl4. ( 1 05 0'CO 

1 0 . 1 <OM QWOffLgBmififfl® 2 i 0 1 3 0 
[0078] ( HJteflaJ 2 ) **«<OiB 2 OlSitWC* S 
SaHHLfctffclJWH-*. 50 
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[ 0 0 7 9 3 5frf . *iSfclliWctt±{f fe^fc-t 7 t 4 
7<0«$1 £MOCVD§S®c9&J^lV)»K*>l'*'- 
t=««Lfctt, S« 1 <0iSJg£ 1 0 0 OTJfcfiUj* MS 
5: 5 'J -y 5 'J 7 h/l'/'fr, TMLfc** 

^»aiS2r i o^ns»-rs ; tfc <fc o s 1 w^shc 

[0080] SC. »$l<0$£5r550-C££T'|$T 

y 7#xt lt^ss- 1 6 y ••/ h/w/^-ciS 

L,Wft, 7y*-TZ4 y 7 Wk/4h TMG£4 0 

I) A* .y 7 r 1 2 5: 2 5 n m COJf S TJfc&2 tf£ . 
[0081 ] Mz. TMGcrMteZ±lt)Xl 050'C4 
TfmZtttk, *vVTtfAbLX%.mb7mi:&« 

1 3 y y v>v/ftb 3 y y h^/tfTSSUir* 1 ^ ry 

; E-7^4'j7Wk/^ TMGSr8 0Mmo 1/5)-, 
10ppm»Si H^10cc/#. T'ft^L 

■C, SiSrH-rL^GaN*'^=5:^l<OnS^57 

KJB 3 £ 2 ^ mfiOJf $ . 

[0082] ®l(OnS?7 7H«3?r^««, S«l 

<9SJg£: 1 0 5 O'Ctft*.. VTtfZb LTS#t 

1 5 y 7 Yh/%b 3 y y h^/^-effit^ 

ffh. 7^-7^2ij7WP/#. TMG$:4 0jum 
o 1/^. TMA5Sr3//mo 1 t'tt^LT. TV 
K-7V)A 1 o. osGao. 95 Nrt^&SS^eOni!?-? y 
Fl 4 2 0 n mOJi § "CJfcH $ . 
[0 083] ^2<0nM?77H«45r«^, TMG 

b s i H4<otti&tjb6, wmm.* 7 5 o*ct*n» 

T§*. 7 50'CHfcV^, **yr#Xi:LTS*«: 

1 4 y y h >i>/ftxift i%tft> . ry^-rs 6 y 7 h 

/I'/^-s TMG^4Atmo 1/^-, TM lS5jurao 1 
/ft. X&1&LX. 7yY~y<T> \ no.isGao.B5N*> 

[0084]#FS5J« TMI«0t*te£ittfX 

^vvrifAb Lxmrnz 1 4 y 7 h;k/4h ryt- 

7 TMG£2//mo 

■Cs a« 1 <7»$: 1 0 5 cctciflittr^ffls-ii-w 

H^i^^ryH-rcOGaN (PfMlA) $r3nm 

mi. 1 coias^ 1 0 5 oxx&U: 

(i, *-*-yr^i:L.Ta*k**«:#^l 5'J 'vYlV 

/%b 3 y 7 ^/•*K«U3:a<i5>. ry^-rs: 2 y 

-rhA-/*, TMG5r4 0^tmo I TflWftL-t. 
3IS«*ryH-r«OGaN (RtfiSB) $r 1 2nmtf) 
IfSTritftS-^Jt. ;9U7yF-7(7)GaNKi: 
^H315nm<y)Bg®6S:^L^. *LT, ^r+'J 

r^xk LTSJRS' i 9 y y h/u/^. ry^-TS: 1 
y 7 h^/^-cat***^. s«-a«$r«S7 5 o«c^ 

4 TRTS € . 5 i: i^Sl 6 CM& b Pl«<?>^)i 
9, 10 Lfc. 
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15 16 

[0085] RSV 1 0 ZB&mi. 1 OlflJKSr 1 t Lfc. C O&ftSS? £ 2 0 m A<7)lf#|«nS8S-Ciei!)t 

050-CK&*), dfA-'JTXfXfcLTgSfc Jtfc^-b. e-?$JM7 0nmc7)#£T&3fcU:„ £ 

1 5 'J 7 h/U/#fc 3 U -y WW/fl"C»L* ^fc #^H^*^{i4 mWT'fc 0 . JltfrfolWWffii 

o l/$h TMA£3/<mo 1 /$h CpaMgSrO. [0093] (WtW3 ) *»Wwai3W«itPrC** 

i.o»Gao.98N*»fe**pJH^5'yHJil lSrO. 2w 5r#S8L^feitt B ^t2.. 

m<T>W. ZX'fSL&Z&z. [0094] H5(i*ft9Ja^M3£tt&MQWfl|& 

[00 86] pf$t?3'vYMi i £j<yif£. TMGtT * ^&m^m^%&%ftm?<o®mmztk-m 

MAfcC Pi! MgO$te£ittf>. SS5:18'J'yh^/ 10 fflBTC**. 

fl\ T^^-TS- 2 'J -y h/P/tfs *t£ [0095] Jt»J2^L£MQW$£*:t>-3g<L!fo 

[0087] ft, #ffi&Jg-ft£%T'$)&TMGi:. TM %im*mfom.#G aHX'fo&ftlffil-ZtmUz. 

It. TMAt> CpiMgli^T^i&^'JTtfX mmt. HVPE& (M-f F^ffi^JI) twiO. 

tCi-^TlMtt&ik'C. EJMffcflHftLfc. •*7r4 7fflfc£fcl0 0jumWOGaNfc!MLfc 

[0088] £«J.3fcLT»«Lfc«b!ry'>AiRfl: a«ii*HtfODflCiS:l^*-r5^(c. rM-VtyFX 

£^¥$f**^&&fSJgi8>§fc*tLT. W7--*S ?y-*fflV>T8S 1 O;umO0f&Srff&ofc. 9fffi& 
ifrMfc&<, -eo^SiJi^, <fc 9 , GaN^ffl{c^4Uo«W!)Dltci:l.r/-> ; JBS: 

(N i ) tife(Au) «:-?-il-P*l5nm^Jl$T-^®K 20 Bfc*U SfgK-^r-^g^BfcilTGaNg^ 

ffclzi. 0 . JJSfttt«ffi 1 2 fcJBfi&U:. I^Wito**titt8:l**1-*fc*>, *&?fc#*s «fctfi@ 

[00 89] i8Jttt««l 2k(6!BLfcpffl^ tt*8»*5afcU S6«M*C MOCVD$SM<?)&j£7g< 

v v Kl 1 lOiCCVD&KJ: 0 S i OaA^&Sfg rtflMRtfrt^-fcHJiLfc. 
titmiWfttf) £0. 5Mm<7)mZTmm2it, 7* [009 6] *1\ GaNS$2 10fflJg£gi&a>£>tt 

S*tt®Bil 2^S^t|5]ffi|tpS?7-y Hll 1(0^ 1 3 'J >y Y)V/ftt 3 'J ■/ Wk/#Ti£ 

aS^-SP^^tli^-ti-SiteMiJiA^^li^^^Sr^t L&* { £>, 7f*-7*4 -y h/P/ft. TMG5r80. 

fc. /imol/ft. lOppmMOSiH^lOcc/ 
[0090] «fc, ±ie«0VX^«rffl^T, 30 T*»LT, S i £ H-7LfcGaN*»fe*i»l 

Pl^7 7h*ll lco$mWfrt>. P$L?yvYm\ 1 [0097] *cof£f±, £tt0J2fcftRajftft#litcJ: 
fcMQWl (5~1 0) fc82«DnS?7»yFJl4.r*-) *2»nfi?9 7 H«4, #FJ§5. &§*»6 S # 

0. A fj-mcnrnX-m^LX . *l«na?57KI3 F«7 . #FJf9 . WS® 1 0, M g K-T 

c^E£l&ai£ii:£. A 1 G a N 9 7 y h'll 1 fcllliXCWB U 1E«S7o-b 

[009 1 ] ±ie^IiSc7)^. -a. Jg^Jr^xvb Xfc LTi§ftttm«Sl 2, P$imffil3. nlilffil4 

xv+yymizxmikix. m*mtsxv7*h»v timixwafrifmu mmtLtz. znmt 

SS*$^®l^nS^7-y Kl3^fflcr>-|il5klC. fef|4 7 0 nmcOWfeTSBtL*:. CI <nt SScO&ft** 
0. 1 At mJEJcO-f- 9"/ (T \ ) i: 0 . 5AtmJfcOAu$: 40 U4mWT** 1 ), «*l*]|W^«EJi3 . 4VT»-)fc. 

8})slt. -en-eh pfi?jmisi 3t ntmmi 4 1 l c^h^. %*as7it±*sfefi?ii2X'7PL^7T^7«ts[ 

tcj: "9 . iS5t14«fiSl 2W^ffl$rttS-fl. 0 . 2*im| tlX^h. Cl<lj:0, WGaN^, 

COS i 0 2 *^^S^t*tt)i (EI^-tt-T) Sr»)«U^. |5l«C^tS^«0^^A^C|S]±L. lH77l*li&ft 
[0092] CKOfS. -t7r^7£0««Rl<7)Sffl$-Bfli ^^<K«s$ft&C k tWBLfc. 

LT 1 0 0/imSK(i*T1i< L. X9 vA ~Hzk *)& [0098] UUJKWL)tiai<0}!W«±±fc L 

•y7«K#(iUfc. 'y7'!r®ffije«ffiifliS:±|6|iS T&ft^ af- Kfc«ffl tfcWSrlWflU^s *% B ^i 

lZlXZTMZ®%ltdk. +vT9>pWK* 13 k n «3t^-f HtBlfe-f . «HKW*tffl^fc*»* 

u *<vmm ; z-/wLx%!m?*i i mi. mm 50 4. 



6/9/2007, EAST Version: 2.1.0.14 



(10) 



2002-436 18 



17 



18 



[0099] 

(mqw) f}>e>Kch^itwmmza^x » n 

[0 1 00] PMW**<#*Lfc9. MQWO 

mm** <o i> mmtti z t a*c* . mtwmm* 
tehftmwm-sx h asMti z t mutt & 

[01 ) *«Wo-S0l<0»«fc:ffi4MQW*»fe«r4fi 
[02 3 *%BH05IWipi| 1 fcff «MQW*6*tflttft 

[03 j wmnwrn i ic«6MQw«»feo:*afl3ft 



[04] KHitjj:^tS«2«7* M^y-tVX* 
^7 h;U£jjr$-0 

[05] *»W««WH3K:«6MQW|(Bti<)OHfl: 

[ff^<08tgn 

1 Sff 

2 /<>-/7rJ8 

3 ^ltOnS^^vKS 

4 JB2c7>na?7v KJI 
10 5 S 7, 9 #F1 

6 S 8. 1 0 RSI 

12 JS9tettSffi 

1 3 pOHI® 
14 n[ 

2 1 Gal 

2 2 rmM 

2 3 ^-vvT-JB 

3 1 ISmcOPLStJg 
20 3 2 aCP42cOPL^JK 




400 480 500 HO 

ttft (nm) 
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(12)^m fpJ'l F 4K030 Mil AA13 AA17 AA18 BA08 

*RSWPmTtJ±^Pmi006#«l fcTWB BAH BA38 BB12 CA04 CA05 

mttftftttA DA03 FA10 HA01 JA06 JA10 

JA12 LA11 LA12 LA18 

5F041 AA03 AA40 CA05 CA33 CA34 
CA40 CA46 CA57 CA65 CA74 
CA82 CA88 CA92 DA07 

5F045 AA04 AB17 AB18 AC01 AC08 
AC12 AC19 AD09 AD10 AD11 
AD12 AD13 AD14 AD15 AD16 
AF02 AF04 AF09 BB12 BB13 
CA10 CA12 DA53 DA55 EE12 
EK27 EK28 

5F073 AA74 CA07 CB05 CB07 DA05 
DA25 DA35 EA28 
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